In this light microscopic study, morphometric parameters of the circumvallate papillae and the number of their taste buds in tongues of young (6-9 month-old) and aged (7 year-old) Akkaraman sheep were compared in order to determine general morphology and whether there were age-related differences in general morphology and numbers of the taste buds between young and aged animals. The tongues were obtained from a local slaughterhouse. Tissue samples containing dorsal lingual papillae of 32 tongues (16 young and 16 aged) from both sexes (equal numbers of the males and females) were used for histological investigation. The mean number and diameter of the circumvallate papilla, mean number and diameter of the taste buds, and the taste bud number per circumvallate papilla were determined under the light microscope. There were no significant differences between the young and aged animals in the mean number and diameter of circumvallate papillae, the taste bud number and the diameter, taste bud number per papilla. Nevertheless, the aged animals had larger circumvallate papillae. These results showed that number of the taste buds and circumvallate papilla did not change with aging in Akkaraman sheep. Because that general morphology of the circumvallate papillae and their taste bud numbers did not change even in older animals, any age-related differences in the sense of taste can not be attributed to gross degenerative changes in taste buds of circumvallate papillae.
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food temperature and sense of quality based on visual effects also play significant roles. Quality of the chemical stimulus is directly effective on the sufficient enjoyment and pleasure with the selected foods [1] [2] [3] . The importance of the taste sense in food preference is possibly related with giving priority to the foods obtaining special needs of the animal.
Taste sensing receptor cells together with supportive cells and reserve cells form special histological structures, known as taste buds. The taste buds are distributed in the gustatory papillae. There are 3 different types of the gustatory papillae, as circumvallate, foliate and fungiform papillae, which their distribution depends on the species of the animal. Because that the taste sense is perceived through interaction between the receptor cells and stimulating ions in the milieu, quality of he sense directly correlated to the number of the taste buds in the tongue 4 . Individual differences in the taste perception in human beings and animal species possibly arise from the differences in number and distribution of the gustatory papillae and their taste buds 5 .
Generally, it is believed that the sensory organs loss their functional capacity with aging 6 . In some of the previous studies 7-12 on age-related differences in gustatory papillae, it was claimed that the taste quality significantly or partially decreased with the decrease of the taste bud numbers. Conversely, the other researchers [13] [14] [15] [16] [17] [18] did not observe any age-related changes in both the number and structure of the gustatory papillae, and any loss in the function of sensory nerves.
Because of the lack of any consensus among the researchers, further studies are necessary to elucidate the relation between the taste perception and aging. In this study, the number and diameter of the lingual circumvallate papillae and their taste buds were compared in the tongue of young and aged Akkaraman sheep.
MATERIAL and METHODS
In this study, the tongues of 16 young and 16 aged Akkaraman sheep, a total of 32 tongues from both sexes were used. The tongues were obtained from a local (Konya Metropolitan Municipality) slaughterhouse. Age of each animal was determined according to the degree of wear of front incisive teeth 19 , and 6-9 month-old animals were classified as young whereas, 7 year-old animals were classified as aged groups.
Following decapitation of the animals, the tongues were excised and divided into two halves, each half was washed thoroughly with tap water and grossly examined for abnormal structures and lesions, fixed in 0.1M buffered formal-saline (pH 7.4) for 6 days 20 . In order to facilitate the identification of circumvallate papillae, the tongues were stained with 0.1% methylene blue solution 21 and the papillae were counted. The circum-vallate papillae in right half of each tongue were dissected; tissue samples containing the papillae were processed by means of routine histological methods and immersed in paraffin blocks. The blocks were transversally sectioned in 6 µm thick sections in order to do measurements of the taste buds and circumvallate papillae. The sections were stained with hematoxylin and eosin.
Counting the Circumvallate Papillae and Taste Buds and Measuring the Diameter of the Taste Buds and Circumvallate Papillae
The circumvallate papillae were counted on methylene blue stained lingual samples under a stereo microscope. These papillae located in a V-shaped line which, its bottom facing to the root of tongue. The papilla diameter was determined on serial cross sections and mean diameter was calculated.
The number of taste buds was determined with Bradley's formula 21 , which was given below. Briefly; at first step, the taste bud number of each section was determined and it was multiplied by the section thickness. The result was divided by mean diameter of the taste bud.
Taste bud number in each section× section thickness Taste bud number per papilla = Mean taste bud number
The mean taste bud number per papilla of each individual was multiplied with total papilla number and total taste bud number of each individual was found. The mean taste bud diameter was calculated as follows: the diameter of 10 taste buds in a given section was measured from beginning to the end, and the result was divided by the measured taste bud number. The data was analyzed by ANOVA and the mean values of the groups were compared and P<0.05 was considered statistically significant.
RESULTS

Results of the Gross Morphological and Stereo Microscopic Observations
Two types of the dorsal lingual papillae with taste buds (gustatory papillae) were observed in Akkaraman tongue. Circumvallate papillae located close to oro-pharyngeal line and in a V-shaped line (Fig. 1) .
In cross sections, a circumvallate papilla was seen as a mucosal prominence typically surrounded by a papillary groove (Fig. 2) . At low magnification, the taste buds were seen as pale structures in the stratified squamous epithelial layer of the circumvallate paillae (Fig. 3) .
At higher magnifications, nuclei of the sensory cells in the taste bud cells located 2/3 basal region of the cell. Reserve cells were also seen in basal regions of the taste buds (Fig. 4) .
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Results of Morphometric Investigations of Circumvallate Papillae and Taste Buds
Mean papillae numbers were between 30-40 per tongue. The number and location of circumvallate papillae were quite uniform and individual differences were very low. Age-and sex-linked differences were insignificant (P<0.05, Table 1 ). Individual differences were relatively high. The papilla diameter values of the young animals were between 829-1018 μm, whereas those of the aged group arranged between 1211-1478 μm. Significant (P<0.05) differences were observed between mean papilla diameter of the young and aged groups.
Total taste bud number of the circumvallate papillae of each individual was 18830-21462 for the young and 19623-21971 and for the aged animals and the difference between age groups was not significant (P>0.05). Mean taste bud numbers in circumvallate papillae of individuals arranged between 527-678 and 577-650 in the young and aged animals, respectively. Taste bud number per papilla was similar in both sex age groups and there was no significant difference (P>0.05) between the groups. Taste bud number distribution of the aged animals arranged at the limits those of the young animals. The taste bud diameters were measured between 39.5-43.4 μm in the young animals and 37.5-43.3 μm in the aged animals. Neither individual nor age differences were not significant (P>0.05). 
DISCUSSION
Two types of the gustatory lingual papillae, fungiform and the circumvallate types were seen on dorsal surface of in Akkaraman sheep. The circumvallate papillae primarily located at radix lingua, close to the oropharyngeal border in a V-shaped line fashion. The papillae surrounded by a hollow primary groove.
Individual mean circumvallate papilla number was 35 per tongue in Akkaraman sheep and it is very close to that of the cattle 22, 23 . Rhesus monkey 21 , human 15 , rat 1 . Mistretta
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reported that the circumvallate papilae located more closely to the lingual root, also function as fungiform fapillae, which are not found the sheep. The in previous researchers 4, 13, 14, 21 mainly investigated the number of the pappillae and taste buds. Never-theless, little is known about morphological features of both papillae and taste buds.
Mistretta and Baum 1 observed close similarities in both diameter and morphological features of young and aged rats. Davies et al. 22 , reported the diameter of the circumvallate papillae for the cattle 1.5-4.5 mm. In this study, mean diameter of the papilae arranged between 0.9-1.5 mm and it was smaller than that of the cattle.
Davies et al. 22 reported the taste bud diameter as 30 μm, fort the cattle circumvallate papillae and Mistretta and Baum 1 as 46 μm, for both the young and aged rats. Bradley et al. 21 investigated taste buds in five different age group of Rhesus monkeys and identified the mean diameter as 48 μm, There was no statistically significant (P>0.05) differences between the taste bud diameters of the groups.
In this study, the diameter of taste buds of the circumvallate papillae was 39.0-40.5 μm and averagely 39.8 μm in the young and aged Akkaraman sheep tongue and the values were higher than those of the cattle 22 , whereas smaller than those of the rat 1 . There was not statistically significant difference (P>0.05) between the mean diameters of the young and aged animals. Sex-linked difference was not also observed.
The taste bud number per papilla was 600.8 for the young and 594.5 for aged animals. Total numbers were 21487 for the young and 21277 for the aged animals. The values were higher than that of humans 24 , cattle 22 , rats 1 . Nevertheless, the values were smaller than that of Rhesus monkey 21 .
There are great contradictions between the results of the previous and recent studies on the age-dependent numerical changes of the gustatory papillae and taste buds. Although, in previous studies 7, 8 significant reductions in both gustatory papillae and their taste buds of the human tongue have been observed in aged individuals. However, results of the more recent studies [14] [15] [16] [17] [18] have revealed that there was no significant decrease in both parameters with aging. In the previous studies 7, 8 , the experiment material have been obtained from cadavers, which their detailed health status was unknown. Although the researchers 7, 8 have suggested that 50% decline in the circumvallate papilla number was found, their statistical method is not clear. In a previous study 9 claiming 30% decrease occurred with aging, only limited amount of tissue material have been investigated. Their investigations 9 are also lack of statistical analyses.
In a previous study 25 , on the histology of taste buds, leukocytes were observed in the taste buds. Beidler et al. 30 recorded strong signals in response to salt, acid, sucrose, quinine solutions, and concluded that there was not any significant loss in the taste sense with aging in the rat.
Results of the recent experiments show that the number of gustatory papilla and their taste buds did not change with aging. In accordance with previous researchers, Davies et al. 22 17 that there were not any significant changes in the number both of the gustatory papillae and taste buds in 17-25 and 65-85 yearsold humans showed. These studies, which performed on healthy subjects, have confirmed that there was no significant differences between young and aged populations of the number of gustatory papilla and the taste bud number did not change in the aged individuals.
Based on the results it was concluded that the aged Akkaraman sheep had larger circumvallate papillae. However, 
